We investigate the relationship between providing school meals programme and educational outcomes in Ethiopia. Using data from school catchment areas across rural Ethiopia, the paper examines the role played by programme modalities and their implementation. The results indicate that supplementing on-site school meals with takehome rations can be beneficial for concentration, reading, writing and arithmetic skills. The timing of the distribution of school meals is also found to play an important role.
Introduction
Chronic food shortage remains a serious obstacle to children's physical and cognitive development in many poor countries. Hunger diminishes children's ability to concentrate and to retain what they learn at school. School meals attempt to improve poor and credit-constrained households' investments in education by subsidizing the cost of schooling, by reducing short-term hunger and improving nutrition. In poor countries, where school enrolment is low, school meals can provide a strong incentive for poor households to send their children to school and to support their education. 1 School meals appear to be attractive as they may not only increase school participation and reduce dropout, but they may also improve learning and cognitive development.
The educational benefits of a school meals programme depend on the targeting, modality and implementation of the programme. In most developing countries, school meals programmes target areas with high food insecurity, low enrolment or high gender disparity. There can be different modalities in the delivery of school meals programmes, with varied impacts. Two basic modalities widely known are: (i) providing school meals on-site or (ii) as take-home rations, both of which may be combined with micronutrient supplementation (Adelman et al., 2008) . While on-site meals (breakfast, lunch or snacks) are usually provided to all students, take-home rations are often given to girls only, conditional on school attendance exceeding some threshold. School meals may also involve local (community or household) contributions. Children are often involved in the acquisition of the material contributions (such as firewood) that their households are expected to make available as part of the preparation of school meals. This has a potentially detrimental effect on the learning achievement of children. Further, food distribution can be subject to disruption or may divert class and teacher time away from learning depending on how well the programme is implemented.
This paper examines the link between a school meals programme (SMP) in Ethiopia and its educational outcomes. It contributes to the literature by investigating the relationship between the modalities and implementation of the school meals programme (SMP) on the one hand and educational outcomes on the other. Whereas several studies have investigated the effects of school meals per se, much less is known about how school meals should be implemented and how differences in implementation affect their outcomes. In this paper, we examine variations in the implementation of SMP and how this is related to children's outcomes. While we acknowledge that the non-experimental and cross-sectional nature of the data does not allow us to fully address the problem of endogeneity, we use a unique dataset with a broad geographical coverage within
Ethiopia that is likely to allow investigating the link between the SMP and educational outcomes. Other studies, e.g. Alderman et al. (2012) , attain stronger internal validity but are more local in scale. Hence, while our results should not be interpreted as strong evidence of causal effects, they provide important indications about how modalities of the implementation of SMP is related to children's educational outcomes, which, as a minimum, can guide further research towards finding the optimal design of school meals programmes. The main finding in the paper is that supplementing on-site meals with take-home rations is positively associated with concentration, reading, writing and arithmetic skills. These results also suggest that not only targeted girls, but also boys benefited from the programme. The timing of the distribution of school meals is also found to play a role. Specifically, our results suggest that school meals are less effective if they are served at the end of classes, which appears to be especially important for girls.
Review of related literature
Food deprivation remains a serious obstacle to children's physical and cognitive development in many developing countries. For example, the United Nations World
Food Program (WFP) provided school meals to around 22 million children in 70 countries in 2008 (Bundy et al., 2009) . SMPs are generally thought to help tackle the problem of chronic food shortages for school age children. In the short-run, school meals are expected to alleviate hunger in the classroom and help the child to concentrate better and learn more. In the long-run, improved nutrition is expected to increase children's physiological capacity for learning and to reduce morbidity by strengthening the immune system, thereby reducing missed school days due to sickness. In addition, school meals make going to school more attractive. The impact of on-site school meals on learning is expected to operate through an increase in school attendance and through improvement in learning efficiency while in school, because in the absence of hunger children are able to concentrate better and because (micronutrient-fortified) school meals may also improve cognitive functions. School meals can also subsidize the cost of school attendance by providing food with the potential of improving learning and nutrition (Adelman et al., 2008) . If beneficiary households respond to school meals by reducing their food expenditures, more resources will be available, which may increase expenditures on education or other activities.
A number of studies found school meals to increase enrolment and attendance (Ahmed, 2004; Alderman et al., 2012; Buttenheim et al., 2011; Dreze and Goyal, 2003; Kazianga et al., 2012 , Tan et al., 1999 Vermeersch and Kremer, 2005) where school participation has initially been low. However, effects on learning achievement and cognitive development are less clear. 2 Filmer and Schady (2009) argue that students may not learn much due to overcrowding as a consequence of school meals attracting new students, who are often poorer. Poor marginal students may do worse in terms of learning if schools cater to elites (Duflo et al., 2008) . If poor, credit-constrained households send their most promising children to school first, then the marginal students will have less favourable characteristics, e.g. in terms of ability (Card, 1999) . Furthermore, on-site school meals may adversely affect the effectiveness of the educational process, if, for example, food distribution disrupts learning when school children spend time collecting firewood. In some cases the total amount of hours devoted to teaching is found to decrease by 15 percent (Vermeersch and Kremer, 2005) . The environment in which school meals take place also plays an important role. If a programme increases enrolment and attendance, while teaching quality is low or teachers' absenteeism high, it is unlikely to induce better learning achievement. For example, Vermeersch and Kremer (2005) found no impact of school meals on cognitive skills; better test scores were primarily associated with greater teachers' experience. Kazianga et al. (2012) found that school meals increase enrolment but fail to improve academic performance. Finally, the school meal programme might even fail to increase nutrition if parents change their behaviour in that they provide less food at home if they know that food is provided in school, e.g. they knowing that meals are given in school they might not provide breakfast or dinner. Such substitution could possibly even lead to worse nutrition outcomes.
The evidence on the link between school meals and educational outcomes is mixed for the most part, as the review in the preceding paragraphs indicated. This has also been highlighted in a major recent review paper examining the link between school resources and educational outcome in veveloping countries covering a 20 year period (Glewwe et al., 2011) , which concludes that the impact of school meals on student educational outcomes is inconclusive. There is also a dearth of evidence on the role played by programme implementation; and how different programme modalities may influence expected outcomes. This paper aims to contribute to the literature by providing additional evidence on the link between SMP and educational outcomes generally, and the role programme modalities and their implementation play. In the first semester of 2010, 81,000 girls received take-home rations. The estimated cost of take-home rations is USD 8.1 per beneficiary girl (during the first semester of 2010).
The School Meals
In about 300 communities, WFP's school meals programme is supported by Children in Local Development (CHILD), a community-led planning tool initiated by the WFP and the Ministry of Education. CHILD is primarily intended to increase the sustainability and impact of school meals; and mainly involves capacity building for local government partners and beneficiary communities to assist communities to plan for a child-friendly school environment in order to improve the learning atmosphere. School meals may involve local contribution, which is usually in kind, with the exception of cooks' remuneration. Sometimes communities are expected to contribute labour e.g. to build canteens and storage rooms. Additionally, parents may be required to contribute firewood and water to support the preparation of meals or cash to cover payments for cooks.
Data and descriptive analysis
The data used in this paper come from a household survey conducted in 2010 by the 4 The first-stage sampling was conducted using programme districts as the sampling frame for nonprogramme school catchment areas. This type of programme/non-programme school catchment area matching procedure was chosen in order to attain comparable school catchment areas. The second-stage sampling involved randomly sampling ten children aged 7 to 13 years per school catchment area using household lists irrespective of whether the children were enrolled in school at the time of the survey. 5 This design feature of the survey permits a richer analysis than school based surveys since it allows investigating relationships within the school service area, thus circumventing potential selection problems stemming from focusing only on children already enrolled in schools.
Only students enrolled in grades 2 to 4 were included if they were enrolled in school. In sum, the survey was restricted to (i) children aged between 7 and 13 years old and (ii) children enrolled in grades 2-4 if they were students. If a child was not enrolled, then the grade restriction did not apply, only the age restriction was effective. The survey provides information on health, education, learning, and child and household characteristics for nearly 2000 children. We dropped schools where food had not yet been distributed at the time of the survey (3 schools). The fact that these schools were still without food although the school year had already started is unlikely to be attributable to pure chance only. Rather, these schools might be different along unobserved characteristics. In addition, as we are interested in current school meals on current outcomes, including children in schools where food had not been distributed yet might understate the results. Table 1 shows the distribution of schools across regions and livelihood (highland vs. pastoralist) in the sample.
[ Table 1 about here]
To measure scholastic performance, we tested children on their reading, writing and arithmetic skills. 6 Children were tested regardless of whether they were enrolled in school or not. For reading, children were asked to read pre-prepared letters, words and sentences. In the writing test, children were asked to write down pre-prepared sentences that the interviewers read aloud. Children were also tested on their arithmetic skills using up to three different arithmetic questions. In all three cases, two different versions of the tests were administered depending on the age of the children involved -one set for children between the ages of 7 and 10 years and a more difficult set for children between the ages of 11 and 13 years.
To test children's cognitive development we use the Raven's Standard Progressive Matrices (SPM) test. The major benefit of this test is that no formal schooling is required to solve the questions. The nonverbal aspect of the test reduces the impact of cultural or language bias. We use a modified version of the d2 Test of Attention (Brickenkamp and Zillmer, 1998) to test children's concentration and attention. 7 Table 2 reports child, household and school characteristics in programme and non-programme school service areas. The children's mean age is close to ten years with 68 percent of children aged 10 years or less. (10 years is the cut-off above which children were given the more difficult set of tests). Slightly more boys than girls are included in our sample. If children were enrolled, their mean grade was grade 3. Around 20 percent of children were not enrolled in school at the time of the survey. Households in programme school service areas have slightly more children on average, have a higher share of either parents without education and are more often headed by a male household head. They also have a higher livestock index. 8 Children residing in programme school catchment areas have access to better school facilities as measured by our school equipment index.
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[ Table 2 about here]
As discussed before, while there were no school meals in the non-programme schools, in the programme schools the implementation of the school feeding was not uniform. It varied in several dimensions, which we label modalities of implementation in the discussion that follows. Table 3 shows some statistics on these implementation modalities. Around a quarter of schools have the additional programme component:
take-home rations. Almost 50 percent of the schools have implemented the communityled planning tool (CHILD). Schools usually establish food management committees as part of the programme to oversee delivery, storage and distribution of food. In 59 percent of cases the food management committee has been trained to enable members to more effectively assume their responsibilities. In 43 percent of cases cooks have been trained. On the other hand, 88 percent of schools reported that they experienced disruptions in the distribution of food and water. 16 percent reported that cooks' absenteeism was the main reason for the disruption. In the majority of schools, food is distributed half-way through the school day, and only 25 percent of the schools use a special eating place within the school compound. Most schools use a traditional threestone fire place for cooking and reported inadequate storage facilities. The mean programme duration at the time of data collection is 8.43 years.
[ Table 3 about here] Table 4 reports households' contributions to the programme. 6 percent of beneficiary households are member of a food management committee. Their most important contribution to school meals is firewood, followed by cash and water contribution. Only 2 percent of beneficiary households report no contribution at all.
[ Table 4 about here]
Empirical framework

Empirical specification
The paper examines the link between, on the one hand, school meals, its modalities of programme implementation and, on the other, cognitive skills, concentration span, reading, writing, arithmetic and children's activities as outcomes. In all empirical analyses, the vector X always includes the following control variables: the child's age, a dummy for the child being aged between 7 and 10 years, 12 the child's gender, a dichotomous variable whether the head of household is male, the number of children in the household, a dichotomous variable whether both parents are uneducated, the logarithm of total household expenditures, the school equipment index, a dichotomous variable whether the district of the school catchment area is characterised by pastoralism, and controls for the region (Amhara, Oromia, SNNPR and Tigray).
(Obviously, control variables without variation were dropped in the respective analyses;
e.g. in the subgroup analysis for girls or boys we did not include child gender in X.)
Empirical results -programme versus non-programme schools
In this subsection, we compare programme to non-programme schools and we therefore use the full sample that includes both programme and non-programme (comparison) school catchment areas. Table 5 The results obtained are robust to alternative bandwidth choices. We also implemented direct matching using the 'nplate' (Frölich 2007) , which delivers broadly similar results.
In both cases, bootstrap standard errors with clusters at the primary sampling unit of school catchment area have been used.
[ Figure 1 about here] Tables A.2 to A.5 in the Appendix report further estimates for the different outcomes: Tables A.4 and A.5. In the subsample of low-asset households, it is found that school meals are associated with higher child labour, i.e.
more domestic tasks and some evidence (in Appendix Table A. 3) of more work in the family business for boys, while on the other hand paid work seems to be lower for younger age cohorts. On the other hand, no such association is found for children in high-asset households (Appendix Table A .5). Regarding cognitive outcomes (Tables 5   and Appendix Table A .2), most estimates are negative but not significantly different from zero. Only the estimates for concentration seem to be negatively associated with school meals, although not in every specification estimated. Table 6 provides sensitivity analysis on the estimates for boys and girls using additional matching algorithms. The results obtained are not found to be sensitive to the type of matching algorithm used.
Overall, the estimated associations between school meals and child outcomes tend to be negative (more labour, less concentration skills), but, as mentioned earlier, we would rather abstain from interpreting these estimates as causal effects. This is because of concerns that the actual selection process into the school meals programme might have also been affected by unobservables that are not fully captured in our control variables.
In this respect, the lack of information on prior pupil attainment and school management are worth emphasizing in particular.
[ Tables 5 and 6 about here]
Programme implementation modalities
The analysis in this section focuses on programme implementation modalities, thus comparing only treatment schools with different implementation modalities of the treatment. This design structure is likely to make the problem of selection less of a concern since whether school meals are served in the morning or during lunch or whether cooks have been trained or not, among others, may depend less on unobservables than whether a school was selected for SMP or not. One cannot completely rule out the possibility of systematic differences in unobservables however, especially given the lack of information on school management practices that we do not observe in the data. Still, this design is likely to render systematic variations in unobservables less important in explaining variations in the modalities vis-à-vis the earlier design, which compares programme and non-programme schools. Tables 7 and 8 report estimates relating to programme modalities. The results reveal more systematic patterns than those reported in the preceding subsection. They may also be less prone to problems of endogeneity in comparison given that some of the unobserved characteristics (such as prior attainment) are less likely to play a substantial role in this case.
As pointed earlier, the analysis on programme modalities uses the subsample of programme schools. The implementation characteristics D included in the regressions are: (i) whether CHILD is implemented, (ii) whether take-home rations are distributed, (iii) whether the food management committee is trained, (iv) whether the cooks are trained, (v) whether the school had at least one day of food not being distributed, (vi) whether food is served half-way through classes, (vii) whether food is served at the end of classes (serving food at the beginning of classes is the reference category), (viii) the duration of the programme, (ix) whether households contribute to the programme with cash, and (x) whether households contribute with material (defined as labour, water or firewood contributions), the reference category being no contribution. We use means at the school catchment area level for the contribution-related variables to reduce potential measurement errors at the household level and to avoid potential confounding with individual household income. The modality and implementation variables are included simultaneously in the estimations.
Because the way the school feeding is implemented is characterised by many variables, which need to be included in the same regression as they are all likely to be correlated, we only report results from OLS. This is because the implementation modality is a type of treatment vector and no longer a binary indicator with some variables measured continuously (e.g. the duration of school meal programme), which makes the binary propensity score no longer applicable. However, we also examined PSM for a sub-vector of the implementation modalities. The results obtained are mostly in line with those from OLS though they are noisy given that observations are very small in each cell of the combined treatment modalities.
The estimation results for each modality and implementation characteristics, which are reported separately by gender (Table 7) and age (Table 8) are discussed in the following paragraphs.
[ Table 7 and Table 8 (ii) Take-home rations: take-home rations are found to increase girls' concentration score by 78.1 points (s.e.= 23.8), or by about 1.4 standard deviations. This estimate is particularly large in terms of economic significance. Take-home rations supplement onsite school meals in pastoralist and semi pastoralist areas. They are aimed at improving girls' attendance in areas that have lower girls' school attendance rates. Take-home rations' association with reading is found to be substantial with girls 21.9 percentage points (s.e.= 9.7%) more likely to read a sentence. Similarly, girls on take-home rations are found to be 47.5 percentage points (s.e.= 17.6%) more likely to write, an increase by about 1 standard deviation. Take-home rations are also found to be positively associated with reading skills for boys, both in terms of reading a word and a sentence. This finding is quite remarkable as take-home rations are conditional on girls' attendance.
Nevertheless, boys may also be benefiting from take-home rations due to the value transfer to the household, which seems to improve boys' attendance and their nutritional status. Take-home rations are also found to be positively associated with writing and arithmetic skills for boys. The results obtained also reveal that take-home rations are positively associated with concentration for younger children generally, as well as improving reading for older children and writing for both younger and older children.
Overall, take-home rations appear to have the largest and most stable positive association than any of the other modality and implementation characteristics.
(iii) Training of food management committee: No significant link of training of the food management committee is found both for boys and girls. For older children some positive association is found for cognitive skills and math outcomes.
(iv) Training of cooks: while many of the estimates are insignificant, they are positive throughout; and some significant link is found vis-à-vis cognitive skills and concentration outcomes for boys and girls and for the younger age cohort.
(v) Disruption in food distribution: most of the estimates are insignificant, while the significant ones are found to be inconclusive being partly positive and partly negative.
(vi) The timing of food served: serving food half-way or at the end of the school day is found to be less favourable than serving food at the beginning of the school day (which is the reference category) for girls. Particularly for serving food at the end of the school day, as opposed to serving food in the morning, negative estimates are found for cognitive development, reading skills (of both reading a word and a sentence), and arithmetic skills. These results appear to be the strongest and most stable across all variables in Table 7 , next to take home rations. These findings underline the importance of serving food at the beginning of the school day, as school meals, through hunger alleviation during school hours, are expected to improve children's concentration. In addition, serving food at the end of classes may crowd out food served at home. Serving food later in the school day is found to be negatively associated with most outcomes for girls in particular.
(vii) Programme duration: We find a longer programme duration being positively associated with concentration for boys, where an additional year on the programme is found to increase the concentration score by 6 points (s.e.= 1.9). 15 We also find a longer programme duration being positively correlated with cognitive development for girls, an additional year increases the Raven's test score by 0.1 points (s.e.= 0.06). These findings appear to suggest that a school meals programme functions better, the longer its implementation lasts. On the other hand, most other estimates are insignificant and small; so no strong conclusion may be drawn. Overall, however, the results linked to household contributions appear to be largely inconclusive to lead to any strong conclusion.
Conclusion
The effectiveness of school meal programmes depends on how well the programmes are designed in terms of modality as well as how well they are implemented. However, little is known about the role of school meals programme modalities and their implementation on generating learning achievement and enhancing cognitive development. This paper investigated the role of the Ethiopian school meals programme, its modalities and implementation on learning outcomes, cognitive development and attention span in rural areas of the country.
Two main results stand out: first, most of the implementation characteristics do not appear to matter much. This is mainly because the links found being not strong and systematic enough to yield coherent patterns across the different learning outcomes considered, rather than due to having no link whatsoever. On the other hand, two programme characteristics stand out. Take-home rations and serving food early in the morning are found to be important and show the most systematic patterns across all the estimates. Supplementing on-site meals with take-home rations is found to be positively associated with concentration, reading, writing and arithmetic skills. The results obtained also given some evidence that take-home rations benefit not only girls targeted by the programme, but also all children in beneficiary households. This may be due to the value transfer to members of benefiting households, which is likely to improve children's nutritional status and school attendance. This finding is in line with Kazianga et al. (2014) and Fafchamps et al. (2008) .
Our results also suggest that school meals are less effective if they are served at the end of classes, which appears to be the case especially for girls. School meals should be served in the morning in order to alleviate hunger and thus improve children's concentration. In addition, serving food at the end of classes may crowd out food served at home.
The paper is innovative in the way it used rich data from a household survey with a complex design and in its analysis of programme implementation modalities as well as the various children learning outcome considered. These are features that are likely to be improvements on previous studies that are largely based on school surveys. On the other hand, the reliance on household surveys meant that the study lacked detailed information on school management practices and pupil (and school-level) prior attainment, which are widely reported to be key determinants of children's' learning outcome, and hence the influence school meals programmes may have in determining child outcomes. Given this, the results reported in the paper, which provide tentative insights into potential improvements that can be introduced to school meal programmes, may have to be read cautiously.
Notes
1 Other interventions to attract children to school that have been found to increase school enrollment and attendance include deworming (Miguel and Kremer, 2004) , provision of additional teachers (Duflo et al., 2008) and conditional cash transfers (Behrman et al., 2009 ).
2 A body of literature investigates the impact of school meals on (short-term) cognitive development, focusing on the specific micronutrient content of school meals. Although the empirical evidence is mixed, there appears to be a consensus on the importance of animal source food. For example, Whaley et al. (2003) explore the effect of three different diets (meat, milk, and energy), suggesting that animal source food has greater impact on cognitive function.
Similarly, Gewa et al. (2009) investigate the effect of different school meals comprised of exclusively vegetarian meals, milk, or supplemented with meat; results show that the meat variant is relatively more important in terms of improving cognitive function among school-age children. However, most of these studies are conducted in a laboratory setting, which limits their external validity.
3 The Afar and Somali regional states were not included in the surveys due to security and logistical challenges at the time. 4 In Tigray and Amhara WFP's school meals programme is operational in highland areas only.
Additionally, there was a smaller subsample of phased-out programme school areas, i.e. of schools which had received meals only in the past but not now. These schools are not included in the analyses of this paper since the information on the timing and modalities of the school meals programme was rather scarce. Furthermore, in this paper we focus on the link between current school meals and learning outcomes. For phased-out schools the treatment status is imprecise since some children might have received some meals in the past but there is no precise measurement of such partial treatment status and its timing. Figure 1: Histograms of propensity score for the treated and untreated. Note: * p < 0.10, ** p < 0.05, *** p < 0.01. Standard errors in parentheses. In specification (2) the regressor Disruption in food distribution has been omitted because the concentration measure had been collected only for a subset of school catchment areas and it turned out that in this subset disruptions had occurred in all schools such that the regressor is without variation. 
